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1, INTRODUCTION 

This document i s  submitted as the F ina l  Report on NASA Contract NAS'd-SS7. 

The object of t h i s  study was to develop polarimetric methods t o  determine the 

presence of opt ical ly  active materials, par t icu lar ly  DNA (deoyyribonucleic 

acid) o r  its congeners, i n  soil suspensiono 

be developed, the determination of the existence of l i f e  (as known t e r r e s t r i a l l y )  

on other planets may be accomplished by remote instrumentatjon. 

region of the  spectrum aesociated with opt ica l ly  act ive biological compounds 

i s  of pr incipal  i n t e re s t  here, because of the intensely high ac t iv i ty  i n  the 

absorption bands of such materials. 

Provided t h a t  such methods can 

The Cotton 

To achieve t h i s  goal t h e  program was designed t o  consist of two phases. 

One phase dea l t  wi th  instrumental development and the  other with methods of 

processing s o i l  to achieve sufficient concentrationr of op t ica l ly  ac t ive  

components. 

Under the  instrumental phase of this program, the  Rouy electronic r a t i o  

(the difference t o  the  sum) f o r  measuring opt ica l  ac t iv i ty  was first con- 

sidered. 

t o  be qual i ta t ive rather then quantitative, 

approaches f o r  measuring opt ical  a c t i v i t y  were developed by Meuar, 

t he  electronic r a t io  of the difference t o  a constant, and a modified form -- 
the  simple ra t io ,  Based upon the new developments, an instrument has been 

designed t o  detect  ex t r a t e r r e s t r i a l  l i f e  by measuring the op t i ca l  a c t i v i t y  

i n  so i l s ,  

However, measurements performed on the  &uy polarimeter were found 

Consequently two new experimental 

They a r e  

The second phase of this program has been concerned with the proceasing 

By investigating certain extraction procedures, it has been found of so i l s ,  



t h a t  it i s  possible t o  concentrate t he  organic components i n  so i l .  Based 

upon the  above findings, an extraction procedure has been developed which 

w i l l  enable e x t r a t e r r e s t r i a l  polarimetric measurements t o  be made on these 

organic components. 
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2.1 maluat ion of the Rouy Electronic Ratio. (the Difference t o  t h e  Sum), 

2.1.1 Background 

It is generally known that  the pohr imet r ic  mea,wements of op t icaUy 

ac t ive  biological  materials a t  the i r  absorption bands r e su l t  

high act ivi ty .  

d i f f i cu l t i e s .  These are, (1) circular  dichroism, which can be associated 

i n  intensely 

Measurments i n  these regions a re  subject to severa l  

with the  unequal absorption of r ight  and l e f t  circular-polarized l igh t ,  

(2)  absorption of l i g h t  due t o  chromophores, and (3) scat ter ing.  

t he  Rouy electronic ra t io ,  t he  difference t o  the  s q i s  capahle nf hzcdlir?,o 

these obstacles. 

Theoretically, 

For d e t a i l s  see Aqal. Chem, 37 594 (1961) and Anal. Chem, 
-9 

-9 35’ 627 (1963). 

2,1,2 Results 

Arl investigation of the  performance of t he  Rouy-type polarimeter 

indicated t h a t  the l i g h t  beams, polarized +8 and 4 were of unequal in tens i ty ,  

It was fourld t h a t  t he  differences i n  i n t e n s i t i e s  between t h e  two beams could 

be at t r ibuted to t he  following: 

a. The presence of ref lect ing surfaces which are located between the  

polar izer  prisms and analyzer p r i sm result i n  the  generation of e l l i p t i c a l l y  

polarized l i gh t .  

with which the  plane polarized beam makes with the  re f lec t ing  surfaces. 

e l l i p t i c a l l y  polarized l i g h t  can pass through the  analyzer prism. Since t h e  

Buy-type polarimeter contains two polarizing prisms, t he  posit ioning of t h e  

op t i c  a x i s  of these prisms with respect to the re f lec t ing  surfaces i s  important. 

If t h e o p t i c  axes of t h e  polarizing prisms are  a t  different angles with respect 

The amount of this l i g h t  generated depends upon the  angle 

This 



to t he  ref lect ing -surfaces, different amounts of e l l i p t i c a l l y  polarized l i g h t  

w i l l  pass through the analyzer prism. 

necessary to repositionthe-polarizing prisms so t h a t  t h e i r  op t i ca l  axes make 

equal angles with the opt ica l  axes of these re f lec t ing  surfaces. 

To overcome t h i s  problem, it was 

On this 

basis, equal amounts of e l l i p t i c a l l y  polarized l i g h t  would be present i n  both 

beams. 

e l l i p t i c a l l y  polarized l i g h t  w i l l  be cancelled, 

B y  using the r a t io  of the difference to the  sum, t h i s  effect  of 

b. 

wavelength. 

lengths cannot be matched. Consideration of this observation, i n  the  

theore t ica l  development of t he  ra t io  of the ['difference t o  the  sum," indicated 

The transmission of the Glan prisms decreases as a function of 

Also the  transmission of the  Glan prisms a t  designated wave- 

t h a t  the unequal transmission between the r igh t  and l e f t  polarizing prisms 

renders t h e  measured r a t i o  a complar function of the angular rotation,, 

2.1,3 Conclusions 

Although it was possible to  overcome the  problem of e l l i p t i c a l l y  

polarized l i g h t  being generated from a ref lect ing surface when using the  

Rouy-type polarimeter, the problem of obtaining matched Glan prisms with 

equal transmission a t  designated wavelengths could not be overcome, This is 

because the  s t a t e  of the  a r t  i n  cu t t ing  Glan prisms has not achieved the  

precision necessary f o r  making opt ica l  rotatory measurements using t h i s  

instrument, Thus, it was impossible t o  obtain quantitative measurements using 

the  buy-type polarimeter. 

2,2 

2,2,1 Background 

Development of the Electronic Ratic (the Difference t o  a Constant), 

It had been pointed out i n  section 2.L3 t h a t  the transmissions of the 

Glan prism could not be matched a t  designated wavelengths. Thus, it was 

8 



necessary to develop a polarimetric technique which would not be affected by 

t h i s  problem. I n  addition, it was necessary tha t  this new approach would be 

capable of  measuring 

ac t ive  b i o l o g i  c a l  substance . 
2.2,2 Results 

op t i ca l  a c t i v i t y  i n  the  absorption band of an opt ica l ly  

Upon completion of a mathematical analysis of t h e  problans associated 

with optical-rotation measurements i n  t h e  absorption band of an op t i ca l ly  

ac t ive  substance, a new electronic r a t i o  which may be defined as t h e  r a t i o  of 

the  difference t o  a constant, was evolved. For a detailed development see 

the  Second Quarterly Report to NASA, Contract No, NASW-5.57, 20 March to 19 

June 1963. 

absorption effects which a re  encountered i n  obtaining op t i ca l  ro ta t ion  measure- 

ments i n  t h e  absorptida region of t h e  spectrum, 

This r a t i o  adequately takes in to  account c i rcu lar  dichroism and 

This new experimental approach can readi ly  be applied t o  both double- 

beam and single-beam instruments. 

measurements, Melpar has modified t h e  Cary model 15 double-beam spectrophoto- 

meter. Figure 1 represents t h e  polar izer  sample holder and analyzer arrange- 

ment f o r  inser t ion  in to  t h e  sample chamber of this spectrophotometer, Figure 

2 represents t he  polar izer  and sample holder f o r  inser t ion into t h e  reference 

chamber of this instrument, 

prism is absent from the  reference u n i t ,  

To obtai? op t i ca l  rotatory dispersion 

It should be noted i n  figure 2 t h a t  an analyzer 

To obtain op t i ca l  ro ta tory  dispersion measurements on t h i s  instrument, 

an opt ica l ly  inact ive substance such as  water i s  placed i n  both t h e  reference 

and sample units.  The op t i ca l  axis of the  analyzer i s  now a t  an angle of .E. Q 

degrees, with respect t o  t he  opt ica l  axis of the  polarizer.  A se r i e s  of 

9 
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transmission measurements a re  obtained a s  a function of wavelength. The water 

i n  both un i t s  i s  replaced by ident ica l  op t ica l ly  ac t ive  samples and t h e  t rans-  

mission measurements a re  repeated. 

obtained f o r  the  water in to  t h e  transmission measurements obtained f o r  the  

opt ica l ly  ac t ive  samples, a r a t io  5 may be obtained. 

process, where the op t i ca l  axis of  the analyzer i s  now s e t  a t  -8 degrees with 

respect to the  op t i ca l  axis of the polarizer,  a r a t i o  R, i s  obtained. 

By dividing t h e  transmission measurements 

B y  repeating t h i s  

Sub- 

t rac t ing  R2 f r o m  % now gives t$e 

constant, This r a t i o  i s  d i rec t ly  

The unequal. transmissions of 

I 

r a t i o  defined a s  the  difference t o  a 

re la ted t o  a l i nea r  polarimetric sca le ,  

the  Glan prisms a t  designated wavdengths 

do not effect  the measurement of op t i ca l  a c t i v i t y  a c t i v i t y  when using the  

r a t i o  of a difference t o  a constant. 

the  opt ica l ly  act ive sample t o  water i s  determined, the  unequaltransmi,rsions 

Since a r a t i o  of the  transmission of 

of the  

Report 

2 62 e 3  

prisms cancel out. 

t o  NASA, Contract Yo. WAS?-%?, 20 March 1963 t o  19 June 1963, 

For a d e t a i l e d  treatment, see the  Second Quarterly 

Conclusions 

A comparison of the polarimetric scales related to the r a t i o  of the  

difference to a constant,and the sca le  related to buy l s  r a t i o  (the difference 

to the  sum) show them t o  be similar when the angle 8 between the  op t i ca l  a x i s  

of the  analyzer and polar izer  is s e t  a t  45 degrees. 

f o r  t h i s  angular set t ing,  t h e  s imi la r i ty  of t he  polarimetric sca les  30 longer 

e x i s t s ,  This i s  encountered when measurements a re  performed on op t i ca l ly  ac t ive  

molecules i n  t h e i r  absorption bands, 

constant s t i l l  re ta ins  t o  l i nea r i ty  with respect to i t s  polarimetric scale;  

whereas, the  measured r a t i o  of the difference to t h e  sum becomes a complex 

However, by departing 

The r a t i o  of t he  difference to a 



function i n  terms of i t s  p o l a r i m t r i c  scale.  T!-le ac'vantage of perfoming 

polarimetric measurements 2% a? ~ i ; ~ x l ; ~  setti?;: Zrentcr than  45 decree=: iE t h e  

increase iri the sens i t i v i ty  of the mcamremnts (?Qu;Y, A. I,, and Carroll, 

B, llnal. Chem., 33, 594 (1961).  - 
2,3 Evaluation of the Simple Ratio 

2,3.1 Background 

It i s  apparent from the  discussion i n  sect ion 2.2.2 t h a t  the use of 

t he  r a t i o  (the difference to a constant) f o r  t he  detection of op t ica l  

a c t i v i t y  on other planets  by remote instrumentation would be d i f f i c u l t  t o  

r a t io ,  

t h e  simple ra t io ,  was considered. 

2,2.2) which requires only one-half of  the measurement necessary t o  obtain 

Therefore, a modified form o f  the r a t i o  of a difference to a constant, 

This r a t i o  i s  defined as  % (see sect ion 

the  r a t i o  of t he  difference t o  a constant. To r e l a t e  the  simple r a t i o  to a 

l i nea r  polarimetric scale, t he  angle between the  op t i ca l  a x i s  of the  analyzer 

and polar izer  must be s e t  a t  45 degrees. For a detai led treatment see  the  

Third Quarterly Report t o  NASA, Contract ?Io. ?,lASw-557, 19 Juqe 1963 t o  20 

September 1963. The simple r a t i o  i e  ~ E G  ,lot affected by the  unequal trans- 

mission of t he  Glan prisms a t  designated trzvelellgtlls, I n  addition, it is 

capable of measuring op t i ca l  ac t iv i ty  i n  the  absorption band of an op t i ca l ly  

az5ive substance. 

2 e3. 2 Results 

I 2.3,2,1 Evaluation of t he  Theoretical Development of t h e  Simple Ratio: 

To obtain op t i cz l  ro ta tory  dispersion measurements on the  Cary Model 15 

spectrophotometer using the simple rat io ,  water i s  placed i n  both the  sample 



and reference uni ts .  

a function of wavelength, 

op t i ca l ly  act ive samples, and t h e  transmission measuranents a re  repeated, 

By dividing the transmission measurements obtained f o r  t he  water in to  t h e  

transmission measuranents obtained f o r  t h e  opt ica l ly  ac t ive  samples, t he  

simple ra t io ,  %/E, is obtained. This r a t i o  i s  d i r e c t l y  proportional t o  a 

=near polarimetric scale. 

A series of transmission measurements a re  obtained as  

The water i n  both u n i t s  is replaced by identical, 

To t e s t  t he  va l id i ty  of the theore t ica l  considerations used i n  the 

development of t he  simple rat io ,  the  op t i ca l  a c t i v i t y  of standard solutions 

such a s  sucrose, d- tar tar ic  and 1- ta r ta r ic  acid were measured as  a function 

of wavelength. The r e s u l t  of these measurements f o r  two sucrose solutions, 

which were prepared to give a two degree and four  degree rotat ion a t  t h e  

sodium D line, are shown i n  figure 3. 

angular rotat ions calculated fmm the spec i f ic  rotat ions of sucrose obtained 

f r o m  the  Handbook of Chemistry and Physics;, 35th edition, Chemical, Rubber 

Publishing Coo, p. 2734. 

rotat ions calculated from t h e  l i t e r a t u r e  are  i n  agreement with those determ,ined 

experimentally. 

The tr iangular  points represent t he  

It mag be seen fmm t h i s  f igure t h a t  the angular 

The polarimetric scale,which is  proportional t o  the simple ratio, must 

be symmetrical about zero angular rotation. That is, i f  the  angular ro ta t ion  

of two substances having the sane angular rotation, bttt opposi te . in  sigp, are 

measured, t h e i r  rotat ions must differ only i n  s ip .  

dispersion curves f o r  10% solutions of t he  d and 1 form of t a r t a r i c  acid fop 

the wavelength range from 350 to 250 mp are  shown i n  f igu re  

figure,  it may be seen t h a t  t he  angular ro ta t ion  f o r  both forma of t a r t a r i c  

acid a re  t h e  same, but opposite i n  sign. 

The op t i ca l  ro ta tdry  

From this 
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Figure 3. Optical Rotatory Dispersion Spectra of Sucrose: + - +, 4.01 
Degrees at Sodium D Line; . - ., 2.01 Degrees at Sodium D 
Line; A -A, Literature Values 15 
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Figure 4. Optical Rotatory Dispersion Spectra of Tartaric Acid: 
(1) L-Tartaric Acid at 10% and (2) d-Tartaric Acid at 10% 
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Scattering of l i g h t  by s l igh t ly  turbid media does not a f fec t  t h e  measure- 

ments of op t i ca l  a c t i v i t y  by using t h e  simple rat io .  

r e su l t s  validating this statement see the  Third Quarterly Report t o  NASA, 

Contract No, NASw-557, 19 June to 20 September U63. 

For the  experimental 

2-3.2.2 Instrumental Design of a Flight-pmtotype Polarimeter: Since 

t h e  theore t ica l  predictions based on the  development of the  simple r a t i o  has 

been proven experimentally, a polarimeter based upon t h i s  development has been 

designed to detect  ex t r a t e r r e s t r i a l  l i f e  ranotely,by measuring the op t i ca l  

a c t i v i t y  extracted fmm s o i l s ,  

The op t i ca l  system of t h i s  instrument, shown i n  f igure  5, i s  a two- 

beam folded system designed to use the  same sample f o r  both the  reference 

and t h e  t e s t  beans. 

presence of t h e  analyzer prism i n  the  tes t  beam. I n  both beams, t h e  l i g h t  

from t h e  source i s  collimated by the first lens,. polarized by the  prisms, 

passed through the  sample chamber, and imaged by t h e  second lens  to i l luminate 

the  Eensi t i t ive surface of the detector. 

The important difference i n  the  two paths i s  the  

The radiant energy source f o r  this instrument can be a low-power mercury 

discharge tube approximately 4 mm i n  diameter and 40 mm long with a discharge 

length of 3 to 4 mm. E lec t r ica l  power input to the  lamp will be less than 

one-quarter w a t t .  

The choice of this type of lamp i s  based on the  high eff ic iency of low- 

pressure mercury lamps i n  the  production of 2537 m p  energy, and on the f a c t  

that the  organic materials to be detected have high spec i f ic  ro ta t ions  i n  the 

280 to 245 mp region, 

17 
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The contents of the sample chamber w i l l  s c a t t e r  and absorb some of the 

incident energy. 

component of the incident beam which i s  p a r a l l e l  to the plane of the  analyzer 

p r i m  reaches the detector i n  the test  bean, 

polarization has no e f fec t  on t h e  energy reaching the reference beam detector,  

Since the analyzer p r i m  absorbs some energy, a f i l t e r  i s  placed i n  the  

reference beam so tha t  the energy reaching the two detectors i s  the  same i n  

the  absence of an opt ica l ly  active sample, 

a t  the detectors allows both detectors t o  be used i n  t h e  same region of t h e i r  

response curve, which will. minimize errors  introduced by changes i n  sens i t i v i ty  

with s igna l  l e v e l  when this level  i s  changed by absorption and scat ter ing by 

the  sample. 

If the sample m t a t e s  the  plane of polarization, only t h a t  

Rotation of the plane of 

This matching of the beam energies 

The two polarizing prisms and the analyzer w i l l  be iden t i ca l  pri-sns of 

an air-spaced type, giving a useful beam divergence of about 4 degrees fu lx  f i e l d ,  

The c lear  aperture of t h e  prisms will be about 8 mm. 

a r e  neceesary, since the d i f fe ren t ia l  expansion of c rys ta l l ine  quartz and any 

known opt ica l  cement would probably crack t h e  prisms when they a re  subjected 

t o  t h e  large changes i n  temperatures expected during a space t r i p ,  

Air-spaced prisms forms 

While the f i l t e r  used t o  equalize the  transmission of the two paths i s  

shown as  a separate element i n  the figure, it can probably be a par t ia l ly-  

transmitting evaporated aluminum f i lm on one of the  lens surfaces. 

The four lenses wiU be ident ical  

shaped t o  give minimum spherical aberration. 

wi th  single-element spherical  lenses, and the  energy gain which could be achieved 

by using quartz-fluorite combinations or aspheric surfaces does not j u s t i f y  

the increased compl~xity. 

simple f/s elements of fuzed quartz, 

Greater aperture i s  not p rac t i ca l  

19 
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The detectors shown i n  t h e  f igure a re  lP28 photomultiplier tubes which 

w i l l  definitely give a satisfactory signal-to-noise ratio,  with the smallest 

obtainable mercury lamp. 

The quartz tes t  place, which is shown i n  the test  beam, is t o  be used t o  

provide a posi t ive assurance that  the complete instrument i s  functioning 

properly a f t e r  it has landed extraterrestr ia l ly ,  

of a p l a t e  of right-handed quartz and one of left-handed quartz with the 

thicknesses chosen so tha t  a net rotat ion of the plan of polarization, about 

6 degrees i s  produced. 

mechanically reasonable th i chesses  since quartz produces a rotat ion of some 

a0 degrees per  mm a t  2537 angstroms. The quartz test  p l a t e  is removed from 

the  op t i ca l  path by means of a squib actuator before the  sample to be tested 

is placed i n  the  sample chamber. 

This p la t e  is a combination 

The double p l a t e  construction i s  necessary to allow 

The components required t o  perfom the  necessary computations a re  

described l a t e r  i n  this section. 

tubes a re  amplified to usable values to perform the computations, 

shows the  overa l l  electronic requirements. 

used t o  detect  the presence of any l i gh t  rotation. 

w i l l  be inserted without t he  sample, 

polarization is indicated by the r a t i o  of the  two photomultiplier signals,  

This r a t i o  will be calculated and w i l l  be stored f o r  fur ther  computations, 

The programmer w i l l  then remove the  quartz crystal ,  and the r a t io  of the 

l i g h t  i n  absence of any sample is again calculated to  determine t h a t  the 

photomultiplier tube outputs are the  sameo 

t h i r d  r a t i o  i s  calculated with the sample programmed i n  place, and t h i s  r a t i o  

The output current of the  photomultiplier 

Figure 6 

Two photomultiplier tubes a re  

I n i t i a l l y  a quartz c rys t a l  

The amount of rotat ion of the plane of 

This r a t i o  i s  again stored. A 
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i s  stored, 

polarized l i g h t  has occurred is  now available. 

required provides a pulsed output to indicate  a ''yesn o r  

fore,  simplification of t he  overall  design would be accomplished if  suf f ic ien t  

space i s  available i n  the telemetering chaznels t o  transmit the three stored 

ra t ios .  Each r a t io  muld  require no more than 10 b i t s  f o r  three s ignif icant  

f igures,  and a t o t a l  of 30 b i t s  would be  needed t o  transmit t h i s  information, 

All of the  information necessary t o  determine i f  a rotat ion of the 

The remainder of t he  electronics 

answer. There- 

Assuming t h a t  this space is not available, one of the  stored voltages 

is compared again i n  two s teps  with the other two stored voltages, and a 

pulsed output is derived so tha t  no pulse represents %o measurementi1; one 

pulse represents a va l id  %o'* answer; and two pulses represent a val id  lryesrr 

answer. 

The r a t io  computations to be performed r e ly  on a H a l l  e f fec t  mult ipl ier  

device and a high-gain d i f fe ren t ia l  amplifier. 

a conducting material  placed perpendicular t o  a magnetic f ie ld , ,  

developed t o  be stored f o r  subsequent computationsb 

provide the  switching when the ra t ios  a re  t o  be computed,, 

r a t i o  is labeled K and is a measure of a fixed amount of rotat ion with a 

quartz c rys t a l  i n  position. 

reference r a t i o  with the quartz renoved and no sample i n  position. 

ra t io ,  K i s  r a t i o  voltage a t t a ined  with the  sample i n  place, Once these 

r a t io s  have been computed and stored, the i n i t i a l  phase of the  t e s t  has been 

completed; and there  only remains the need t o  determine the valid rotation of 

the polarized l i g h t  with the sample i n  place as designated by Ksa 

The Hal l  effect  device employs 

A voltage is 

The programmer w i l l  

The first voltage 

C 

The second r a t io  i s  noted a KO and is r e a l l y  the 

The th i rd  

S' 
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A capacitor and operational amplifier w i l l  be employed t o  perform the 

mesnory task when connected similarly t o  an intergrator  of a f a s t  input time 

constant, 

shunted by capacitors of such values, that t h e  time constant of each network 

i s  the same. 

can be connected to the output c i rcu i t  of the r a t i o  computer through t h e  

proper switching. 

impedance is  disconnected, and the impedance is replaced with an equivalent 

resistance to ground a t  amplifier input,, 

s igna l  i s  zero, and the  stored voltage is  retained f o r  fur ther  computation. 

The input and feedback impedances are  then composed of resistances 

In t h i s  way, the amplifier ac t s  as an inverting amplifier and 

A t  the  storage instant,  the resistance i n  the  feedback 

Under this condition, t h e  input 

A second r a t io  computation w i l l  be performed a t  4x0 intervals .  This 

computation is necessary to eliminate some 

i n  the first computation. 

and i s  shown i n  f igure  7. 

Kdand a new r a t i o  K /k 
the  d i g i t a l  logic  functions. 

output pulse i s  obtained. 

pulse from the programmer, 

12,O volts,, 

cular to both the  magnetic f i e l d  and the  current flowing through the  con- 

ducting material, "his voltage i s  called the  Hall voltage, 

t he  deflection of the moving charge car r ie rs  toward the sides of a conducting 

element by the applied magnetic f i e l d ,  and it resu l t s  i n  a transverse e l ec t r i ca l  

f i e ld .  

and the current passing through the  element,, 

device i s  O,3%. 

can be eas i ly  compensated. 

of the  var iable  fac tors  derived 

The computation is the same as previously described 

The programmer w i l l  s e l ec t  the  stored r a t i o  K 

is computed and then amplified f o r  presentation to 

and 
C 

c o  

Figure 8 shows the manner i n  which the  f i n a l  

The fl ip-flop is  i n i t i a l l y  preset  by the s t a r t  

The KCDO r a t i o  should properly be a value of  

A pulse is obtained across the material  i n  a direction perpendi- 

It a r i se s  from 

The Hall  voltage i s  pmportional t o  the  product of t he  magnetic f i e l d  

The multiplication e r ro r  i n  %Es 

It has a negative temperature coefficient of O,l," per "C and 
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The high-gain d i f fe ren t ia l  amplifier t o  be used i s  the Philbrick PP-6s 

type amplifier. 

i n  t he  r a t i o  computations of 5 parts per million. 

i n  the  overa l l  accuracy of the  computer. 

t o  r e t a in  an accuracy of 0.5$ i n  the  r a t i o  computations. 

a l l  s i l icon,  sol id-s ta te  components . 

It has an open-loop gain of 20,000 aid would provide an e r ror  

This i s  of no consequence 

A gain of  1000 could be tolerated 

The amplifier uses 

Figure 9 is  a block diagram showing the  elements of a c i r cu i t  f o r  yielding 

an output which is proportional t o  the  r a t i o  of two given voltages, I n  this 

c i r c u i t  

and the  

circuit 

c i r c u i t  

t he  two input voltages are el and e2> one i s  applied t o  the  mul t ip l ie r  

second i s  applied to the  difference amplifier, An examination of the  

shows tha t  the output f r o m  the amplifier, An examination of the  

shows t h a t  the output from the amplifier, which provides the  output 

and which also furnished one input t o  the  multiplying c i rcu i t ,  i s  

= A(e2 - ke e ) e3 1 3  
If the  amplifier provides a high gain, then 

and : 

e2- ke e = 0 1 3  

EO t h a t  f i n a l l y  k '  
e3 

The output w i l l  vary f o r  each programmed step. 

vary if this condition exists, and a va l id  "answer" f o r  t h e  K s F 0  r a t i o  i s  

then awaited. The Schmitt' t r iggers  are  s e t  up t o  f i r e  as follows: 

f i r e s  a t  12.2 vol ts ;  t r igger  2 f i r e s  a t  11-8 volts ;  t r tgger  3 f i r e s  a t  0,5 vol t s ;  

Each such measured r a t i o  TKL~ 

t r i g g e r  1 
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Figure 9. Digital Logic 

'OUTPUT 
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tPigger 4 f i res  a t  9.9 volts ;  and t r igger  5 f i r e s  a t  10.1 vol t s .  

conditions the  logic  fo l lom:  

output pulse w i l l  be obtained since t r igger  1 and t r igge r  2 w i l l  remaiq off, 

and the f l ip-f lop output t o  t h e  AND gate will remain down, thus inhib i t ing  a 

pulse t h a t  may result from the  K /x For KcBo between 11-8 and l2,2 

vo l t s  (lees than - + 2% of 12.0 volts) ,  t r igger  2 will be f i r e d ,  

then passed through t h e  exclusive OR gate  and reverse the  s t a t e  of the  f l i p -  

f lop ,  

(not shown) which provides an output pulse, 

12.2 vo l t s ,  t r i gge r  1 and 2 both f i re ,  and the  triggered signals a re  inhibi ted 

by t h e  action of the exclusive OR gate; and again no output pulse i s  obtained. 

As-mning t h a t  the Kc/Ko ra t io  i s  between the desired Limits, then t h e  

Under these 

r a t i o  i s  lees  than U.8 volts,  no if t h e  K /k c o  

ra t io .  s o  

"he s igna l  i s  

The s igna l  fmm the  f l ip-f lop is  inverted and passed on t o  an 09IV 

If t h e  Kc/ko  r a t i o  i s  greater  than 

logic  f o r  the  Ks/Ko r a t i o  follows. 

almost any value above the  noise level ,  therefore,if  K = / K  

v o l t 3  an output pulse will be obtained, indicating a pos i t ive  ro ta t ion  of ule 

polarized l igh t .  

10 vol ts) ,  t r iggers  3 and b w i l l  f i r e ,  and t r igge r  5 w i l l  remain off 

output s igna l  from t h e  t r iggers  w i l l  be inhibi ted by t h e  exclusive OR gate, 

and therefore no output pulse will be obtained, thus indicat ing no rotat ion 

of t he  polarized l i g h t  because of t he  sample. 

10.1 vol ts ,  t r igger  5 w i l l  f i r e  and pmvide an output pulse t o  indicate  a 

posi t ive answer. Therefore, the  output pulses obtained w i l l  ind ica te  f i rs t  

by no pulse that the  system is n o t  operational or has f a i l e d  i n  some mannero 

One pulse will indicate  the system i s  functioning properly, but  t h e  sample 

under test  has not provided a rotation of more than 2Ze A ttm-pube outp1L.t 

w i l l  indicate  the system i s  functioning properly, and a ro ta t ion  of t he  polarized 

The th i rd  t r igger  i s  adjusted t o  f i r e  f o r  

i s  less than 9,9 
" 0  

If the  KsBo ra t io  l i e s  between 9-9 and 10,l vo l t s  (+l$ of 

The 

For Ks/ko r a t i o s  greater  than 
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l i g h t  through the sample under t e s t  of more than 27; has occurred, 

Power requirements f o r  t h e  electronics j u s t  described a re  about 0,8 watts, 

However, the energy requirement can be reduced by programming the  power 

properly. 

r a t i o  computer c i rcu i t s ,  and the storage c i r c u i t s  f o r  t he  i n i t i a l  phase, 

the  power is  removed f r o m  a l l  but the storage c i r c u i t s  and i s  applied t o  the 

remainder of the c i r cu i t s  f o r  the f i n a l  phase of computation, The power re- 

quirement i s  reduced i n  t h i s  manner so t h a t  the power requirements f o r  the  

i n i t i a l  phase i s  about 0.7 w a t t s ,  and t h e  requirements f o r  t he  second phase 

is 0.2 w a t t s .  However, t he  time requirement i n  the  second phase can be held 

Power only need be supplied to the  photomultiplier tube, the  first 

Then 

t o  about 0.5 seconds. 

2 03 03 Conclusions 

The data p r e s e n a  indicates that the theo re t i ca l  development of t he  

electronic  simple r a t i o  f o r  obtaini7g op t i ca l  ro ta tory  dispersion measurements 

is val id .  Common instrumental problem areas such as the unequal transmission 

of  t h e  Glan polarizing prims, vhich render the Rouy-type polarimeter a 

qua l i ta t ive  instrument,  do not affect  the op t i ca l  ro ta t ion  measurements by 

t h e  simple r a t i o  technique. 

The use of t h e  development has l e d  to a design of a polarimeter t o  

de tec t  extraterrestrial l i f e ,  by measuring t h e  op t i ca l  a c t i v i t y  i n  soil, 
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3 .  PROCESSING OF SOILS 

3 . 1 Background 

The measurement of op t ica l  ac t iv i ty  in s o i l  presents several  serious 

problems. Intense scat ter ing of plane polarized l i gh t  from solid pa r t i c l e s  

would be encountered which would completely destroy any chance of detecting 

a signal. 

is qui te  low when compared t o  the concentration of inorganic substances. 

In addition, the concentration of biological materials i n  s o i l s  

Therefore, various approaches t o  obtaining extracts  from s o i l  were investi- 

gated with the object i n  mind of concentrating the opt ical ly  active com- 

ponents present. 

insoluble impurities (scattering centers) . 
This extract  could then be f i l t e r e d  t o  eliminate the 

3.2 Results 

3.2.1 Evaluation of S o i l  Extracts 

Extracts of s o i l s  were prepared with water, Oo15 N HCL, Oo15 N NaOH 

and 0.5 N NaOH solution. These solutions were mixed with the individual 

s o i l  samples f o r  suff ic ient  lengths of time t o  insure saturation of the 

extracting agents, All extracts  were f i l t e r e d  through a 0.45 micron 

Millipore filter., 

the water ~ acid, and base extracts of the s o i l  were found t o  be 0,65 mglml, 

11.4 mg/ml, and 7.7 mg/ml, respectively. 

Representative concentrations of dissolved components 

For opt ical  rotation measurements, water-soluble extracts  were used 

without fur ther  dilution. 

of 1:2, and the base soluble extract required a di lut ion o f  1:100, 

the simple r a t i o  , opt ica i  rotatory dispersion measurements of these extracts 

were obtained, Results f o r  the water, acid,and base extracts  a r e  shown 

The acid-soluble extracts  required a di lut ion 

U s i n g  
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i n  f igure 10, figure ll, and figure 12, respectively, 

of these figures,  opt ical ly  active components can be seen to  be present. 

From an examination 

However, calculation of the specific rotation from the angulay rotations of 

the aqueous acid and basic extracts a t  254 mu show both the  water and 

-0.15 N NaOH extract  t o  have t h e  highest specif ic  rotations, The 254 mu 

wavelength was selected since the emission of  the mercury lamp discussed i n  

section 2,3,2,2 gives an extremely intense peak a t  253,7 mu, 

In  an attempt t o  ident i fy  the opt ical ly  active components in the 

alkal ine extract  of so i l ,  two alkaline extracts  (0,lS N NaOH and O e 5  N 

NaOH) were prepared. Recently, Anderson (Soi l  Science, 80, 169 (1958) and 

S o i l  Science, L 91, 156 (1961) had pointed out t h a t  nucleic acids present in 

s o i l s  may be found i n  the alkaline extract. 

L -  

Therefore, the use of  the  

0.5 N extract  could lead t o  the  formation of mononucleotides by hydrolysis 

of  any RNA present in so i l ;  whereas the RNA in 0,15 N NaOH would not  be 

hydrolyzed. This is  based upon the f ac t  t h a t  Boulanger and Montreuil 

(J. B u l l ,  SOC, Chem. Biol., 33, 784 (1951) needed a 0.5 N NaOH solution t o  - 
hydrolyze RNA. Thus, alkaline hydrolysis of the  RNA t o  i t s  mononucleotides 

would be expected t o  exhibit more posit ive angular rotations than solutions 

containing unhydrolyzed RNA since adenosine (see figure 13) exhibits 

s ignif icant  posit ive angular rotations i n  the 230 t o  25’5 mu region,, How- 

ever, comparison of the opt ica l  dispersion curves ( in  figure 1 2 )  obtained 

on the  two base extracts  i n  t h i s  wavelength region indicated tha t  the 

opt ica l  ac t iv i ty  of the more basic extract  exhibLted negative angular 

rotations,and the other basic extract  exhibited posit ive angular rotat ions,  

Since the resu l t s  on the alkaline extracts  of s o i l  wme contrary t o  what 

w a s  expected, a study of the effect  of sodium hydroxide on the opt ica l  
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Figure 10. Optical Rotatory Dispersion Spectra of Clear and Cloudy Water- 
Soluble Extract of Soil (Concentration 0.65 mg/ml) 
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Figure 11. Optical Rotatory Dispersion Spectra of Acid-Soluble Extract of 
Soil (Concentration 5.7 mg/ml) 
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Figure 12. Optical Rotatory Dispersion Spectra of Base-Soluble Extracts 
of Soil (Concentration 0.077 mg/ml: (1) 0.15N NaOH Extract 
and (2) 0.5N NaOH Extract) 
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rotatory dispersion curves of RNA w a s  in i t ia ted ,  

uere prepared, a solution buffered a t  pH h.S, a 0.15 N NaOH solution, and 

a 0,5 N NaOH solution. 

solutions are shown in f igure u. 
that the  RNA which has been dissolved in  the  buffered solution exhibits 

negative angular rotation in the wavelength region f r o m  230 to  300 mu. 

There i s  the  appearance of  a Cotton curve between 250 and 275 mu, The 

maximLllll portion of the curve occurs a t  265 mu and the minimum a t  255 muo 

Upon dissolving the RNA i n  both 0.15 N NaOH and 0,s N NaOH, a shift in the 

maximum f o r  both basic solutions occurs. 

the  0.15 N NaOH solution and t o  260  mu f o r  the ,+ 0,s N NaOH solution, 

minimums are shif ted from 255 t o  245 mu. 

solution the  maximum has a negative angular rotation, whereas the basic 

solutions now exhibit  posit ive rotations, 

has a posit ive angular rotation associated with i t s  maximum,  

rotatory dispersion measurements on the hydrolysis products of  RNA should 

give a curve s imilar  t o  the  dispersion curve of the mononucleotides, 

addition, a comparison of the dispersion curves f o r  both basfc solution 

reveals that i n  the region from 230 to  250 mu, the 0,s N NaOH solution has 

larger  negative angular rotations. The reason for %his behavior is not, 

c lear  a t  the present time, In the case of  the alkaUne extracts  of soil, 

t h e  0.15 N NaOH extract  showed positive angular rotations between 230 and 

250 mu, whereagthe 0.5 N NaOH showed negative angular rotations,  

Three solutions of RNA 
- 

The results of the dispersion measurements on these 

It is of interest t o  note from the figure 

That. is f r n m  265 te 262 iiiii for 

Both 

Also, f o r  the case of the buffered 

Adenosine (see figure 13) a lso  

Thus, opt ical  

In 

Since the presence of proteins, enzymes, etc ,  i n  s o i l  cannot be 

discounted, the e f fec t  of acid and basic pH on the rotatory dispersion 
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Figure 14. Optical Rotatory Dispersion Spectra of Purified RNA from 
Yeast: (1) in pH4.5 Buffer, at O.Ol%, (2) in 0.15N NaOH, 
at 0.01%, and (3) in 0.5N NaOH, at 0.01% 
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curves of such substances w a s  also investigated. 

decided upon since it i s  generally considered t o  be a complex mixture of 

The horse serum w a s  

the  above substances. 

curve of horse serum is shown in  f igure 15. 

the  dispersion curves for  t he  horse serum dissolved i n  O,% KC1 and 0.15 N 

H C 1  i n h i b i t  normal dispersion curves, that is, no C ~ ~ t l o r i  regions are 

observed, 

than t h e  sa l t  solution between 240 and 300 mu. 

o r  basic media undergo denaturation with an accompanying increase i n  op t ica l  

a c t i v i t y  toward negative angular rotations,  

The resul t  of the addition of  acid on the  dispersion 

It may readi ly  be seen t h a t  

However, t he  acid solution reveals la rger  negative rotations 

Proteins i n  strongly acid 

The effect of basic  pH as well a s  sodium ion concentration on the  

rotatory dispersion curves of horse serum a re  shown in f igure 16. 

readi ly  be seen from t h i s  f igure t h a t  the  horse serum dissolved i n  both 0.15 

N NaOH and 0,s N NaOH exhibi ts  complex dispersion cu-rves. There appears t o  

be two Cot+anregions, with t h e  associated maximums occuring a t  290 and 308 

RXU and with the  m i n i m a  occuring a t  295 and 320 mu, Both alkal ine solutions 

exhibited higher negative angular rotat ions than the  salt  solution, 

observation suggests molecular conformational changes within the  horse 

serum because of  t he  presence of NaOH, 

lowest amount of sodium ion appears t o  exhibi t  l a rge r  negative rotat ions 

than the  solution containing the  higher concentration of Na ions, Thus, 

it may be possible that the sodium ion may in some way inh ib i t  con- 

formational changes within the  horse serum. 

It may 

This 

Also, the  solution containing the  

If any nucleic acid such as RNA is  present i n  soil, it would be 

expected t o  be found in the presence of other  substances such as protein,  
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e tc ,  

curves on a mechanical mixture containing RNA and horse s e m  i n  alkaline 

solution. The dispersion curves in figure 17 represent measurements on a 

mechanical mixture of horse serum and RNA i n  0.15 N NaOH and 0.5 N NaOH, 

It may be seen from an examination of t h i s  f igure tha t  the alkal ine solutions 

containing the lower concentration of sodium ion shows a Cotton region 

between 270 and 300 mu. 

be a t  290 mu and the minimum a t  about 278 mu. The solution containing the 

higher concentration of Na ion revealed no Cotton region in the portion of 

the spectrum examined. 

c a l  mixture dissolved in 0,15 N NaOH exhibited larger negative angular 

rotations than the 0.5 N NaDH solution. 

inhibi t ion toward molecular conformational changes within the horse senun, 

must a lso hold f o r  mechanical mixtures, 

Thus, it was of i n t e re s t  to  obtain the  opt ical  rotatory dispersion 

The maximum associated with t h i s  region appears t o  

Also, in the region from 255 t o  285 mu, the mechani- 

Thus, the effect  of sodium ion 

It is  apparent from the resu l t s  that not only are  strong NaOH solutions 

capable of hydrolyzing RNA t o  t he i r  mononucleotides, but also tha$ the 

sodium ions in suff ic ient  concentrations may inhib i t  conformational changes 

i n  such substance as a re  found i n  horse serume 

of soils, it appears safe t o  assume tha t  these e f fec ts  may also occur. 

Both hydrolysis reactions, as  well as molecular conformational changes 

(such as  denaturation) of high molecular weight substances, %?pear t o  

enhance the opt ica l  activity.  

N NaOH 

f o r  the  detection of opt ical  ac t iv i ty  i n  so i l s ,  

Thus, in the basic extract  

Thus, a t  the present time, %he use of O,I5 

f o r  preparation of a soil extract  appears t o  be the best  approach 
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Figure 17. Optical Rotatory Dispersion Spectra of Mixtures of RNA, at 
0.005% and Horse Serum, at 0.08% in Solid Line, 0.5N NaOH and 
Dotted Line 0.15N NaOH 
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3,2,2 I n s t m e n t a l  Design f o r  the Sampling System of a Flight-Prototype 
P o l a r h e t  er 

Based upon the resu l t s  of the evaluation of soil extracts,  an 

extraction system f o r  s o i l  using O o l s  N NaOH has been designed f o r  the 

flight-prototype polarimeter, A schematic of t h i s  system is shown in figure 

18, 

t rac t ion  solvent, a pneumatically driven double-end reciprocating pump with 

This system consists of a small sealed reservoir t o  contain the ex- 

sl ide valve and check valves, f i l ters f o r  removal of par t iculate  matter, and 

the sample cuvette. 

The s o i l  sample may be delivered t o  the sample collection chamber i n  

a dry powder form, as an airborne aerosol o r  as  a so f t  slug, A t  the 

designated sequence s tep in the  instrument program, the i n l e t  and ou t l e t  

pa r t s  of t h e  sample chamber a re  sealed off w i t h  squib valves, and the  solvent 

is  injected and circulated through the sample chamber by the pump (see f igure 

19) u n t i l  the  solution l i gh t  transmission is reduced t o  a predetermined 

level. The pump is then stopped and the analysis made. If t h i s  l eve l  is  

not reached within a specified time, the programmer performs the shutdown 

function. 

3 . 3 Conclusions 

The use of 0.15 N NaOH fo r  preparation of a s o i l  ex t rac t  appears 

t o  be,at present, the best  approach f o r  the detection of op t ica l  ac t iv i ty  

in so i l ,  

taining only 0.08 mg/ml of  dissolved components ., 

act ive components have yet t o  be identified.  Therefore, correlation of 

Optical ac t iv i ty  has been observed i n  an alkaline ex tmc t  con- 

However, these opt ica l ly  

the opt ica l  ac t iv i ty  with the  dissolved components i n  the alkaline extract  
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Figure 18. Sample Process System 
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Figure 19. Pneumatic Recirculating Pump 
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of s o i l  has not been made. 
system has been designed to  be used in conjunction with the  flight-prototype 

pobrimeteF* 

On the basis of these studies, an extraction 

4. SUMMARY 

Melpar has developed tu0 new experimental procedures f o r  measuring 

opt ica l  ac t iv i ty  in absorbing and scat ter ing media, 

defined as the  rat ion of the  difference t o  a constant and a modified form, 

the simple rat io ,  The theoret ical  development of the  simple r a t io  has been 

proven val id  by experimentation. This r a t i o  is not effected by the instru- 

mental problems which render the Rouy polarimeter a qual i ta t ive instrument. 

The simple electronic r a t i o  readily lends itself t o  use in unmanned experi- 

mental probes, since it requires no continuously moving parts. 

imeter, based upon t h i s  ra t io ,  has been designed t o  detect  op t ica l  ac t iv i ty  

in so i l s .  

These procedures a re  

A polar- 

A n  extraction procedure has been developed which permits the detection 

of the opt ica l  ac t iv i ty  i n  0.08 mg/ml 9f dissolved s o i l  componentso 

upon t h i s  procedure, an extraction processing s p t m  has been designed t o  

be used in conjunction with the polarimeter. 

Based 
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5. PROPOSED FUTURE PROGRAM 

a. The s o i l s  used in this investigation have been obtained in the 

v i c in i ty  of Melpar's laboratories. 

t h i s  program, s o i l s  obtained from a var ie ty  of sources must be examined. 

In order t o  generalize the r e su l t s  of 

b. To establ ish the resul ts  of this investigation on a quant i ta t ive 

basis, the opt ical ly  act ive components i n  the alkaline extract  of s o i l s  

must be ident i f ied and correlated with the  observed opt ical  rotations of 

the extract. 

c. A n  instrument must be developed which is capable of quant i ta t ively 

analyzing the extract  of so i l s  t o  determine what biological components a re  

present. 

monochromate l i g h t  of at  l ea s t  three wavelengths and providing a method 

of monitoring those wavelengths. 

This means providing the present design with some means t o  

1 
I 


